Introduction
X-rays, radium, radiochemicals emitting beta and alfa rays emitted by an external source to living cells for inducing chromosome breaks and rear rangements is well established.
The mutagenic action of radioactive materials absorbed by the cells has been studied on a number of occasions. The resultant transmutation, ac compained by the first recoiling of an atom situated within a gene would sometimes mutate the gene.
Chromosome breaks and rearrangements are produced proportionally to the total dosage of ionization. Sax (1938, 1940 and 1941) and others, namely, Marinelli, Nebel, Giles and Charles (1942) and Thoday (1942) have definitely shown this proportional relationship in Tradescantia.
Observations of Giles (1947) , Giles and Lederberg (1948) , Giles and Boloney (1948) on Tradescantia and of Arnason, Cummings and Spinks (1948a, 1948b) , Arnason (1949) and Ehrenberg, Gustafsson, Levan and U. von Wettstein (1949) on wheat and barley showed that absorbed P2 produced large number of chromosome breaks and structural changes. But it was, not clear whether the effects were caused by the beta rays located in the chro mosomes rendering mutagenic effects. However, Bateman and Sinclair (1950) and King (1952) working on Drosophila found that mutations were produced at a rate beta rays release alone. Hungate and Mannell (1951, 1952) showed that the differences in the mutation rates due to incorporation of radio sulphur, S35 were not due to differences in the mutation rates but in the frequency differences of transmutation with the genes. Power (1948) has also observed transmutation in his mutagenic effects of P32 in Paramecium. However, Rubin (1948) showed that the mutagenic effects of P32 have been greater than the amount of activation and ionization produced in the cells.
The problems related to the structural changes of chromosomes is fundamental aspect of many biological problems. Together with gene muta tion, such changes are the basis of all evolution. The induced chromosome breakage has yielded information on the mode of action of the genes, chro mosomes and the cells.
A good number of workers have been studying microsporogenesis in angiosperms where the two meiotic divisions exhibit a high degree of syn chrony within an anther.
In radio-isotopes treated cells the ionizations are distributed throughout a longer period till the examination is made at anaphase. Only a fraction of the total dosage from the radioisotopes, therefore, received at these stages alone is capable of producing bridges, fragments on the other hand are produced at all stages of division in the treated cells, and the whole amount of radiation is effective in this case.
A number of workers have turned to microsporogenesis in plants where the meiotic divisions showed a high degree of synchrony. As meiosis is more complex than mitosis and so complications arising from a synapsis and crossing over make study of the aberrations more difficult than the aberrations induced during mitosis.
Linear dose-aberration curve, passing through the original can be ex amined by the hypothesis that each event observed is a single radiological event or 'hit' (Sax 1938 (Sax , 1940 . But the multiple hit phenomenon such as exchanges are recognized generally to increase as some power of the dose (greater than unity) provided the time of exposure to radiation is same for all cases. However, a single ionizing particle can break only one of the chromatids that must exchange to form a bridge and fragment and thus the bulk breakage will be the resultant of more than one hit. In this experi ment, however, the time of exposure given was constant in all the samples and the gross resultant, therefore, considered as multiple hit-phenomenon.
The most adequate means of detecting radiosensitivity is to check the occurrence of fragments and their frequency. A large number of literature showed the cytogenetic effects of ionizing radiation, viz ., X-rays, gamma rays, neutrons and various radioisotopes. A complete bibliography on the effects of ionizing radiations on plants has been recently pub lished by Sparrow, Binnington and Pond (1958) from Brookhaven National Laboratory, U. S. A.
However, the significance of occurrence of the bridge and fragment at anaphase was first investigated and explained by McClintock (1933) in ir radiated Zea mays as cytological evidence for crossing-over in the inverted segment. Richardson (1936) has given a full analysis of the various types of cross-overs that can occur in the inverted region as well as proximal to it in relation to types of bridges formed. A first division dicentric bridge and an acentric fragment can arise from: i) a single chiasma in inversion ii) two chiasma in the inverted region with one chromatid involved in both cross-overs and iii) one cross-over inverted with one proximal to the inversion and chromatid relationships are the same; two chromatids involved in both the cross-overs and the chromatids involved are different in the two cross-overs.
Following ionization, an effect that has been much more frequently observed, is the abnormal distribution of chromatids to the daughter nuclei. The term 'nondisjunction' is applied in this case. In these cases an equal number of cells is formed with extra and with missing chromosomes, respec tively, giving rise to changes in the ploidy. Both the extra number and missing of a chromosome involve drastic changes from the normal gene ratios. The imbalanced genetic composition, which is designated as aneuploid, therefore, damages cells functioning.
Fragments with dicentric isochromosome pulled towards opposite poles making bridge and the acentric fragment remaining in the spindle and failing to be pulled towards opposite poles for absence of centromere shows a single chromosome with a single break and the configurations in the following stages, doubling of the chromatids and joining of them to form acentric and dicentric isochromosomes. If the bridges break again by tension dicentric isochromosome results again follwed by same type of bridge and its con tinuation until it is lost. However, with a view to those, much interest was given in studying configurations showing bridges, their origin, types and their presence with fragments. Also from these, number of breaks in a chromosome were assumed. Stress for finding out the effect of radiosensitivity on the chromosomes given in scoring aberrations in metaphase and early anaphase stages and in general aberrations tabulated were: a) fragments, b) early separation, c) bridges, d) nondisjunctions, e) stickiness and f) late separation.
In this paper, the cytological effects of beta rays from P32 and S35 are reported.
Materials and methods
Experiments on cytological effects induced by radioactive phosphorus (P32) and sulphur (S35) with half lives of 14.2 and 87.2 days, respectively, procured from Radiochemistry and Isotope Division, Atomic Energy Establish ment, Trombay, have been carried out, using the following plants as test material, Brassica campestris L. (2n=20), varieties T10 and T151 respectively. Morphology of the plants noted approximately were: Leaves-dark green, pubescent, amplexicaul, flowers: bright, yellow, large, with slightly overlapping petals, anthers-extrose, pods long, cylindrical and seed-brown. The cytology of this species has been previously worked out. At diakinesis and metaphase ten bivalents corresponding to the twenty somatic chromosomes were counted. The whole meiotic process in the species is regular and its pollen is good. 
Discussion
Effects of ionizing radiations are measured in terms of injury symptoms, cytological aberrations, and mutations. Usually these effects are associated with damage, and increase or decrease are correlated. Induced mutation has been used here in the sense to refer to changes which are transmitted in frequencies comparable to naturally occurring mutations. A mutation would not, therefore, include detectable aberrations, but also would include minute chromosomal changes, especially deficiences.
Dicentric chromosomes showing bridges have been observed in many cases, but they are usually eliminated within a few cell generations.
An apparent exception to this rule in maize endosperm where dicentrics were still found in many divisions following their inception and a breakage fusion-bridge cycle was set up (McClintock 1943 (McClintock , 1944 so that the dicentric was broken at each cell division, with sister ends uniting to form new dicentric chromosomes.
At meiosis the two centromeres of the unpaired dicentric chromosome almost always opposed each other during observation, attenuating the inter centromeric region and orienting the region perpendicular to the metaphase plate. Usually the entire chromosome was included within the one telophase group. Occasionally, however, breakage occurred in the intercentromeric region giving rise to monocentric chromosomes. These breaks were difficult to observe, and not always could be made possible to obtain the accuracy in their recording as, in some of the other types of aberration. But con sidered so as the origins of configurations like dicentric bridge with an acentric fragment at the spindle. Isochromatid breaks:
These aberrations, which Sax termed '1-hit chromatid breaks' involving breaks in both sister chromatids followed by lateral fusion to produce a dicentric chromatid and an acentric U-shaped fragment (sister reunion of Darlington and Upcott 1941) .
Chromatid interchanges were found in various degrees of complication, and involved breaks in two (or more) chromatids and reunions in new fashion.
Chromosome breaks:
These were scored in accuracy since whole chro mosome breaks were quite visible.
Chromosome interchanges, which involved two breaks in the same chromosome giving rise to rings and fragment chromosomes having centro mere. Rings noted were rare but centric fragments were frequent and in versions likely to be equally frequent could not be indentified. Between the two chromosomes either eucentric or dicentric interchanges were expected. But practically only the latter type, which resulted in the production of a dicentric chromosome and acentric fragment, were scored regularly.
However, the breaks so formed certainly did not rejoin at random in the nucleus, as had been assumed to be the case of the breakage theory. As regards the production of aberrations neither the contact theory nor the breakage theory could be made wholly right or wholly wrong.
Prolongation of the division after doses longer than those to reduce the count to zero in barley has been reported as a radiation induced retardation in mitotic rate of cells and an increase in the time required by cells passing through anaphase, if the dose is larger to cause stickiness of the chromosomes. Jungling and Langendorff (1930) found that in the Vicia root tips mitosis occurred 18 hrs. after 420 r. and 33 hrs. after 550 r. treatments respectively. Increased doses cause increased delay in the breakdown of the nuclear membrane, increased stickiness of the chromosomes of the Chortophaga neuroblast and thereby completion of mitosis is delayed (Carlson 1941a) . Similar results were obtained here in beta-ray treatment producing deformed and adherent metaphase and anaphase chromosomes. There results agreed with those of Humes (1950) , who found that the 'stickiness' of chromo somes caused by the 'sticky' gene in maize and by chemical treatment of root tips of onion was not due to depolymerisation of the deoxyribonucleic acid. But in B. campestris, normal cells showed that stickiness was rare but increased in treatments.
Lastly, however, percentages of aberrations in different treatments showed proportional effect with the treatments.
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Summary
After treatment of two varieties of Brassica campestris L . (2n=20), T10 and T151 with radioactive chemicals P32 and S35 , having different concentra tions, aberrant cells, for studying the effects were scored in meiosis .
According to the nature of abnormalities in metaphase and early anaphase cytological effects and origin of different abnormal configurations were explained .
Significance of probability of nature of abnormalities was estimated by x2 test and estimate of aberration rates were based on p=n-n/N and S. E.=_??_ was also considered as proportion abnormalities to the total confidence limits .
Sampling error was also calculated per treatment in percent to record optimum sample size for analysis.
Linearship between treatments and cytological aberrations was shown .
